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54}  Surface  mountable  electrical  device  and  method  of  making  the  device. 

(57)  A  surface  mountable  capacitor  (12)  is  covered  on  all 
sides  by  layers  of  electrically  and  thermally  insulative 
material  (18,  76,  78,  80),  two  access  passages  (3?)  for 
providing  electrical  access  to  electrical  contacts  (14,  16);  one 
at  each  side  of  the  capacitor,  are  formed  through  the  layer 
(18)  of  thermally  insulative  material.  The  access  passages  are 
shaped  to  limit  thermal  communication  to  the  electrical 
contacts  (14,  16)  and  contact  pads  (54,  56)  are  connected  to 
the  electrical  contacts  (14,  16)  through  the  passages  (32)  to 
enable  the  capacitor  to  be  connected  into  an  electrical  circuit. 
The  contact  pads  (54,  56)  fill  and  extend  a  distance  beyond 
the  limits  of  each  of  the  access  passages  (32)  to  increase  the 
electrical  contact  area  accessible  from  outside  the  insulative 
layer  (18). 
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contacts  (14,  16)  and  contact  pads  (54,  56)  are  connected  to 
the  electrical  contacts  (14,  16)  through  the  passages  (32)  to 
enable  the  capacitor  to  be  connected  into  an  electrical  circuit. 
The  contact  pads  (54,  56)  fill  and  extend  a  distance  beyond 
the  limits  of  each  of  the  access  passages  (32)  to  increase  the 
electrical  contact  area  accessible  from  outside  the  insulative 
layer  (18). 





T h i s   i n v e n t i o n   r e l a t e s   to  a  s u r f a c e   m o u n t a b l e  

e l e c t r i c a l   d e v i c e   c o m p r i s i n g   an  e l e c t r i c a l   c o m p o n e n t  

h a v i n g   a  p l u r a l i t y   of   c o n t a c t s .   I t   a l s o   r e l a t e s   to   a  

m e t h o d   of   m a k i n g   a  p l u r a l i t y   of  s u c h   d e v i c e s   in   t h e   f o r m  

of  c a p a c i t o r s   by  p r o c e s s i n g   a  l e n g t h  o f   c a p a c i t a t i v e  

s t r u c t u r e .  

S u r f a c e   m o u n t e d   e l e c t r i c a l   c o m p o n e n t s   a r e   r a p i d l y  

g a i n i n g   a c c e p t a n c e   in  i n d u s t r y .   I t   ha s   b e e n   e s t i m a t e d  

t h a t   n e a r l y   one  h a l f   of  a l l   e l e c t r i c a l   and  e l e c t r o n i c  

c o m p o n e n t s   may  be  d i r e c t l y   s u r f a c e   m o u n t e d   t o   a  c i r c u i t  

s u b s t r a t e   by  t h e   y e a r   1990 .   C o n s e q u e n t l y ,   t h e  u s e   o f  

l e a d  w i r e s   w i t h   such   e l e c t r o n i c   and  e l e c t r i c a l   c o m p o n e n t s  

and  t h r o u g h   h o l e s   in   c i r c u i t   s u b s t r a t e s   w i l l   be  s h a r p l y  

r e d u c e d   in  t h e i r   u s a g e .  

P r e s e n t l y ,   c e r a m i c   c h i p   c a p a c i t o r s   a r e   t h e   m o s t  

c o m m o n l y   u s e d   s u r f a c e   m o u n t e d   c a p a c i t o r s   b e c a u s e   s u c h  

c e r a m i c   c h i p   c a p a c i t o r s   t o l e r a t e   t h e   h i g h   t e m p e r a t u r e  

e x p o s u r e   r e q u i r e d   f o r   r e f l o w   or  wave   s o l d e r i n g  

m a n u f a c t u r i n g   t e c h n i q u e s ,   f o r   a t t a c h m e n t   of   c o m p o n e n t s   t o  

c i r c u i t   s u b s t r a t e s .   M e t a l l i z e d   f i l m   c a p a c i t o r s   and  f i l m  

f o i l   c a p a c i t o r s   h a v e   b e e n   u s e d   v e r y   l i t t l e  i n   s u r f a c e  

m o u n t e d   a p p l i c a t i o n s   b e c a u s e   of  t h e   h i g h   c o s t   and  g r e a t e r  

s i z e   r e q u i r e d   t o   t h e r m a l l y   p r o t e c t   t h e   m e t a l l i z e d   f i l m  

f rom  s u c h   h i g h   t e m p e r a t u r e   s o l d e r i n g   t e c h n i q u e s   t h a n  

a t t e n d   t h e   u s e   of   c e r a m i c   c h i p   c a p a c i t o r s   f o r   s i m i l a r  

a p p l i c a t i o n s .  

For   e x a m p l e ,   p o l y e s t e r   f i l m   m e l t s   a t   a b o u t   2 5 2 ° C .  

H o w e v e r ,   f o r   an  e l e c t r o n i c   p a r t   s u c h   as  a  c a p a c i t o r ,   t o  

s u r v i v e   wave  s o l d e r i n g ,   i t   m u s t   w i t h s t a n d   t e m p e r a t u r e s   a s  

h i g h   as  260°C  f o r   a  p e r i o d   of   up  to   t e n   s e c o n d s   w i t h o u t  

s u f f e r i n g   d e g r a d a t i o n   in  i t s   p h y s i c a l   or   e l e c t r i c a l  

p r o p e r t i e s .  



One  a t t e m p t   to   p r o v i d e   a  l e a d l e s s ,   s u r f a c e   m o u n t a b l e  

e l e c t r i c a l   c o m p o n e n t   of  a  c a p a c i t o r   t y p e   has   b e e n   t o  
a t t a c h   f l a t   l e a d s   to   a  f i l m   c a p a c i t o r   s e c t i o n   to   f o r m   a  

c a p a c i t o r   a s s e m b l y ,   w h i c h   a s s e m b l y   i s   t h e n   i n s e r t   m o u l d e d  

to  p r o v i d e   a  m o u l d e d   p a c k a g e   w i t h   t h e   f l a t   l e a d s   f o r m e d  

to   l i e   a d j a c e n t   t h e   p a c k a g e   and  a c c e s s i b l e   f o r   e l e c t r i c a l  

c o n n e c t i o n .   Such  a  p a c k a g e   can   be  made  c a p a b l e   o f  

w i t h s t a n d i n g   t h e   t h e r m a l   e x p o s u r e   of   wave  s o l d e r i n g   o r  

o t h e r   s o l d e r i n g   t e c h n i q u e s   s u f f i c i e n t l y   to   p r o t e c t   i t s  

e n c a s e d   c a p a c i t o r   s e c t i o n .   Such  p a c k a g e s ,   h o w e v e r ,   a r e  

s i g n i f i c a n t l y   more  e x p e n s i v e   t h a n   a  c o m p a r a b l e   b o x - t y p e  

c a p a c i t o r   w h e r e   a  c a p a c i t o r   i s   i n s e r t e d   in  a  p l a s t i c   b o x  

and  s e a l e d   in   t h a t   box  w i t h   s u c h   m a t e r i a l   as  e p o x y   w i t h  

l e a d s   p r o t r u d i n g   f rom  t h e   i n t e r i o r   of   t h e   e p o x y   s e a l e d  

box  f o r   e l e c t r i c a l   c o n n e c t i o n   w i t h i n   a  c i r c u i t .   T h u s ,   i n  

v i e w   of   t h e   g r e a t e r   e x p e n s e   of  t h e   i n s e r t   m o l d e d   p a c k a g e  

f l a t   l e a d   s t r u c t u r e   d e s c r i b e d   a b o v e ,   f i l m   c a p a c i t o r s  

( i . e .   m e t a l l i z e d   f i l m   and  f i l m   f o i l   c a p a c i t o r s )   a r e  

p e n a l i z e d   b e c a u s e   t h e   e c o n o m i c s   of   p r o d u c t i o n   c o s t s   b i a s  

i n d u s t r y   t o w a r d   c e r a m i c s   and  away  f rom  f i l m   c a p a c i t o r s  

f o r   s u r f a c e   m o u n t a b l e   a p p l i c a t i o n s .  

Such  e c o n o m i c   b i a s   i s   u n f o r t u n a t e   b e c a u s e   f i l m  

c a p a c i t o r s ,   s u c h   as  p o l y e s t e r   m e t a l l i z e d   f i l m   c a p a c i t o r s ,  

e x h i b i t   i m p r o v e d   p e r f o r m a n c e   c h a r a c t e r i s t i c s   o v e r   m a n y  

c e r a m i c   t y p e s   of  c a p a c i t o r s .   I m p r o v e d   s e l f   h e a l i n g  

c h a r a c t e r i s t i c s   and  a  h i g h e r   p r o d u c t i o n   y i e l d   w i t h  

a t t e n d a n t   l o w e r   c o s t   to   m a n u f a c t u r e   w h i l e   m o r e  

c o n s i s t e n t l y   m e e t i n g   t i g h t   s p e c i f i c a t i o n s   a r e   b u t   two  o f  

t h e   i m p r o v e d   p e r f o r m a n c e   c h a r a c t e r i s t i c s   of   m e t a l l i z e d  

f i l m   c a p a c i t o r s   o v e r   c e r a m i c   c a p a c i t o r s .  

I t   w o u l d   be  a d v a n t a g e o u s   f o r   c i r c u i t   d e s i g n e r s   t o  

have   m e t a l l i z e d   f i l m   c a p a c i t o r s   a v a i l a b l e   f o r   s u r f a c e  

m o u n t i n g   a p p l i c a t i o n s ,   b u t   to  j u s t i f y   a  m a n u f a c t u r e r ' s  

e q u i p p i n g   h i s   p l a n t   f o r   p r o d u c t i o n   of   such   c a p a c i t o r s ,   i t  

i s   e c o n o m i c a l l y   n e c e s s a r y   f o r   t h e m   to   be  of   s m a l l e r   s i z e  



and  of   l o w e r   c o s t   of  m a n u f a c t u r e   t h a n   a r e   o b t a i n a b l e   w i t h  

e x i s t i n g   d e v i c e s   and  m e t h o d s   to   p r o m o t e   s u f f i c i e n t   u s a g e  
of  f i l m   c a p a c i t o r s   in   s u r f a c e   m o u n t e d   d e v i c e s .  

A c c o r d i n g   to   one  a s p e c t   of  t he   p r e s e n t   i n v e n t i o n ,   a  

s u r f a c e   m o u n t a b l e   e l e c t r i c a l   d e v i c e   a s   i n i t i a l l y  

d e s c r i b e d   i s   c h a r a c t e r i s e d   by  a  p l u r a l i t y   of   l a y e r s   o f  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   c o v e r i n g   t h e   e l e c t r i c a l  

c o m p o n e n t ,   a c c e s s   means   a f f o r d i n g   e l e c t r i c a l   a c c e s s   t o  

e a c h   of   t h e   c o n t a c t s   w h i l e   i m p e d i n g   t h e r m a l   a c c e s s   to   t h e  

c o n t a c t ,   and  d i s c r e t e   e l e c t r i c a l l y   c o n d u c t i v e   m e a n s  

a s s o c i a t e d   w i t h   e a c h   of  t h e   a c c e s s   m e a n s   f o r  i n c r e a s i n g  

t h e   e l e c t r i c a l   c o n t a c t   a r e a   of  e ach   of   t h e   a c c e s s   m e a n s .  

The  i n v e n t i o n   a l s o   c o n s i s t s   in  a  m e t h o d   o f  

p r o c e s s i n g   a  l e n g t h   of   c a p a c i t a t i v e   s t r u c t u r e   to   make  a  

p l u r a l i t y   of  s u r f a c e   m o u n t a b l e   e l e c t r i c a l   d e v i c e s   in  t h e  

fo rm  of   c a p a c i t o r s   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   j u s t  

d e s c r i b e d ,   t h e   l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   h a v i n g  

f i r s t   and  s e c o n d   e l e c t r i c a l   c o n t a c t   a r e a s   e x t e n d i n g   a l o n g  

i t ,   t h e   m e t h o d   c o m p r i s i n g   t h e   s t e p s   o f :  

d e l i n e a t i n g   a  p l u r a l i t y   of   b o u n d a r i e s  a c r o s s   s a i d  

l e n g t h   of   c a p a c i t i v e   s t r u c t u r e   t o  d e f i n e   d i m e n s i o n a l  

l i m i t s   f o r   e a c h   of  s a i d   p l u r a l i t y   of  c a p a c i t o r s ;  

a p p l y i n g   a t   l e a s t   one  l a y e r   of   t h e r m a l l y   a n d  

e l e c t r i c a l l y   i n s u l a t i v e   m a t e r i a l   to   s a i d  l e n g t h   o f  

c a p a c i t i v e   s t r u c t u r e ,   s a i d   a t   l e a s t   one  l a y e r   c o v e r i n g   a t  

l e a s t   a  s u b s t a n t i a l   p o r t i o n   of  t he -   l e n g t h   o f   t h e  

c a p a c i t i v e   s t r u c t u r e ;  

f o r m i n g   a  p l u r a l i t y   of  e l e c t r i c a l   a c c e s s   m e a n s  

a l t e r n a t e l y   a r r a n g e d   w i t h   s a i d   p l u r a l i t y   of  b o u n d a r i e s  

f o r   a c c o m m o d a t i n g   e l e c t r i c a l   a c c e s s   w h i l e   r e s t r i c t i n g  

t h e r m a l   a c c e s s   to  s a i d   f i r s t   and  s e c o n d   e l e c t r i c a l  

c o n t a c t   a r e a s   t h r o u g h   s a i d   at  l e a s t   one  l a y e r ;  

e s t a b l i s h i n g   a  p l u r a l i t y   of  e l e c t r i c a l   c o n t a c t   m e a n s  

to  s a i d   l e n g t h   of   c a p a c i t i v e   s t r u c t u r e   f o r   p r o v i d i n g   a n  



e x p a n d e d   a r e a   of   e l e c t r i c a l   c o n t a c t   w i t h   s a i d   f i r s t   a n d  

s e c o n d   e l e c t r i c a l   c o n t a c t   a r e a s   t h r o u g h   s a i d   p l u r a l i t y   o f  

a c c e s s   m e a n s ;  

s e v e r i n g   s a i d   l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   a t   e a c h  

of  s a i d   p l u r a l i t y   of  b o u n d a r i e s   to   f o r m   s a i d   p l u r a l i t y   o f  

c a p a c i t o r s ;   a n d  

a p p l y i n g   a t   l e a s t   one  a d d i t i o n a l   l a y e r   of   t h e r m a l l y  
and  e l e c t r i c a l l y   i n s u l a t i v e   m a t e r i a l   t o   e a c h   of   s a i d  

p l u r a l i t y   of   c a p a c i t o r s ,   s a i d   a t   l e a s t   one  a d d i t i o n a l  

l a y e r   c o v e r i n g   a t   l e a s t   a l l   p o r t i o n s   of  e a c h   of   s a i d  

p l u r a l i t y   of   c a p a c i t o r s   no t   p r e v i o u s l y   c o v e r e d   a n d  

l e a v i n g   a t   l e a s t   a  p o r t i o n   of  e a c h   of   s a i d   p l u r a l i t y   o f  

e l e c t r i c a l   c o n t a c t   means   e x p o s e d .  

In  a  p r e f e r r e d   e m b o d i m e n t   o f   t h e   i n v e n t i o n ,   t h e   a t  

l e a s t   one  l a y e r   of  t h e r m a l l y   i n s u l a t i v e   m a t e r i a l  

c o m p r i s e s   a t   l e a s t   one  wrap   of   t h e r m a l l y   i n s u l a t i v e   t a p e .  

In  an  a l t e r n a t i v e   e m b o d i m e n t ,   t h e   a t   l e a s t   one  l a y e r   o f  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   i s   c o m p r i s e d   of  c o n f o r m a l  

c o a t i n g   m a t e r i a l .  

W h a t e v e r   t h e   m a t e r i a l   of   t h e   t h e r m a l l y   i n s u l a t i v e   a t  

l e a s t   one  l a y e r   c o v e r i n g   a l l   s i d e s   of   t h e   c a p a c i t o r ,   t h e  

p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   f u r t h e r   i n c l u d e s   a t  

l e a s t   two  s t r a t a   of   m a t e r i a l   f o r m i n g   t h e   d i s c r e t e  

e l e c t r i c a l l y   c o n d u c t i v e   m e a n s .   The  f i r s t   of   t h e s e   s t r a t a  

i s   of   h i g h l y   e l e c t r i c a l l y   c o n d u c t i v e   and  m o d e r a t e l y  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   a d j a c e n t   t h e   a t   l e a s t   o n e  

t h e r m a l l y   i n s u l a t i v e   l a y e r   s u r r o u n d i n g   t h e   c a p a c i t o r .  

The  s e c o n d   s t r a t u m   i s   of  m o d e r a t e l y   e l e c t r i c a l l y  

c o n d u c t i v e   m a t e r i a l   and  h i g h l y   t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l   a d j a c e n t   t h e   f i r s t   s t r a t u m .  

In  t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e r e   can  be ,   a d d i t i o n a l l y ,   a  b a r r i e r   l a y e r  

among  t h e   l a y e r s   of  t h e r m a l l y   i n s u l a t i v e   m a t e r i a l ,   w h i c h  

b a r r i e r   l a y e r   i s   c o m p r i s e d   of   m a t e r i a l   h a v i n g   a  h i g h   h e a t  



of   f u s i o n .   One  e x a m p l e   of   s u c h   a  m a t e r i a l   i s   p o r o u s  

p a p e r   i m p r e g n a t e d  w i t h   a  m i c r o c r y s t a l l i n e   wax  m a t e r i a l .  

D e v i c e s   i n c o r p o r a t i n g   a l l  t h e   p r e f e r r e d   f e a t u r e s   o f  

t h e   i n v e n t i o n   a r e   c a p a b l e   o f   b e i n g   m a n u f a c t u r e d   by  h i g h l y  

a u t o m a t e d   p r o c e s s e s   e c o n o m i c  i n   s c a l e   and  y e t   t h e y  

p r o v i d e   s a t i s f a c t o r y   e l e c t r i c a l   p e r f o r m a n c e .   T h e  d e v i c e s  

may  a l s o   be  made  p h y s i c a l l y   s m a l l   in  s i z e   in   o r d e r   t h a t  

t h e y   may  o c c u p y   a  s m a l l   a r e a   on  a  c i r c u i t   s u b s t r a t e   w h e n  

m o u n t e d   t h e r e o n .   S t i l l   m o r e  i m p o r t a n t l y ,   t h e y   a r e  

c a p a b l e   of  w i t h s t a n d i n g   t h e  h e a t   of   s u c h   m a n u f a c t u r i n g  

p r o c e s s e s   as  r e f l o w   or   wave   s o l d e r i n g   w i t h o u t   s u f f e r i n g  

d e g r a d a t i o n   o f   t h e i r   e l e c t r i c a l   or  p h y s i c a l   p r o p e r t i e s .  

E x a m p l e s   of   d e v i c e s   and   of   m e t h o d s   in   a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   w i l l   now  b e .   f u r t h e r   d e s c r i b e d   w i t h  

r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h : -  

F i g .   1  i l l u s t r a t e s ,   i n   p e r s p e c t i v e   v i e w ,  a   l e n g t h   o f  

c a p a c i t i v e   s t r u c t u r e  s u i t a b l e   f o r  s u b s e q u e n t   p r o c e s s i n g  

to   f o rm  i n d i v i d u a l   s u r f a c e   m o u n t a b l e   c a p a c i t o r s ;  

F i g .   2  i l l u s t r a t e s   a  p r e f e r r e d   e m b o d i m e n t   o f   t h e  

a p p l i c a t i o n   of   t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   to   a  l e n g t h  

of   t h e  c a p a c i t i v e   s t r u c t u r e ;  

F i g .   3  i l l u s t r a t e s  a n   a l t e r n a t i v e  e m b o d i m e n t   o f   t h e  

a p p l i c a t i o n  o f   t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   to   a  l e n g t h  

of   t h e   c a p a c i t i v e   s t r u c t u r e ;  

F i g .   4  i l l u s t r a t e s ,   i n   c r o s s   s e c t i o n a l   v i e w ,   a n o t h e r  

a l t e r n a t i v e   e m b o d i m e n t   o f   t h e   a p p l i c a t i o n   o f - t h e r m a l l y  

i n s u l a t i v e   m a t e r i a l   t o   t h e   l e n g t h   o f   c a p a c i t i v e  

s t r u c t u r e ;  



F i g .   5  i l l u s t r a t e s   a  l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   w i t h  

b o u n d a r i e s   f o r   d e l i n e a t i o n   o f   i n d i v i d u a l   c a p a c i t o r s  

e s t a b l i s h e d   a n d   e l e c t r i c a l   a c c e s s   p a s s a g e s   f o r m e d   a l o n g   t h e  

l e n g t h   of  c a p a c i t i v e   s t r u c t u r e .  

F i g .   6  i l l u s t r a t e s   a  p r e f e r r e d   m e t h o d   o f   f o r m i n g  

e l e c t r i c a l   a c c e s s   p a s s a g e s   a l o n g   t h e   l e n g t h   of   c a p a c i t i v e  

s t r u c t u r e .  

F i g .   7  i l l u s t r a t e s   t he   a p p l i c a t i o n   of  e l e c t r i c a l   c o n t a c t  

pads   to  a  p l u r a l i t y   of   l e n g t h s   o f   c a p a c i t i v e   s t r u c t u r e   w i t h  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   a p p l i e d   t h e r e t o   and  e l e c t r i c a l  

a c c e s s   p a s s a g e s   f o r m e d   t h e r e i n .  

F i g .   8  i l l u s t r a t e s   an  i n d i v i d u a l   c a p a c i t o r   f o r m e d   f rom  a  

l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   w i t h  e l e c t r i c a l   c o n t a c t   p a d s  

a p p l i e d   and   b e f o r e   f i n a l   a p p l i c a t i o n   of  t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l .  

F i g .   9  i l l u s t r a t e s   a p p l i c a t i o n   of  t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l   to  an  i n d i v i d u a l   c a p a c i t o r   s u c h   as  t h a t   s h o w n   in  F i g .  

8  to   f o r m   a  f i n i s h e d   c a p a c i t o r   c o n f i g u r e d   f o r   l e a d l e s s  

a t t a c h m e n t   w i t h i n   e l e c t r i c a l   c i r c u i t r y .  



F i g .   1 0   i l l u s t r a t e s   e m p l o y m e n t   of  a  c a p a c i t o r   o f   t h e  

p r e s e n t   i n v e n t i o n   e m p l o y e d   w i t h i n   e l e c t r i c a l   c i r c u i t r y  b y  

l e a d l e s s   a t t a c h m e n t   t h e r e i n .  

F i g ,   11  i l l u s t r a t e s ,   in  a  p a r t i a l   c u t   away   v i e w ,   t h e  

p r e f e r r e d   e m b o d i m e n t   of  the   c o m p l e t e d   c a p a c i t o r   of  t h e   p r e s e n t  

i n v e n t i o n .  

R e f e r r i n g   to  F i g .   1,  a  l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   10  

s u i t a b l e   f o r   s u b s e q u e n t   p r o c e s s i n g   as  w i l l   be  h e r e i n a f t e r  

d e s c r i b e d   in  d e t a i l   to  fo rm  i n d i v i d u a l   c a p a c i t o r s   c o n f i g u r e d  

fo r   P e a d l e s s   a t t a c h m e n t   in  e l e c t r i c a l   c i r c u i t r y   is  s h o w n .   T h e  

l e n g t h   o f   c a p a c i t i v e   s t r u c t u r e   10  is  a  p l u r a l i t y   o f   p a r a l l e l  

c a p a c i t i v e   p l a t e s   12 ,   a  f i r s t   e l e c t r i c a l   c o n t a c t   1 4  a n d  a  

s e c o n d   e l e c t r i c a l   c o n t a c t   1 6 .  

F i g .   2  i l l u s t r a t e s   t h e   p r e f e r r e d   e m b o d i m e n t   o f  

a p p l i c a t i o n   of  t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   1 8 ,   s u c h   a s  



t b e r m a l l y   i n s u l a t i v e   t a p e ,   to   t h e   l e n g t h   o f   c a p a c i t i v e  

a t r u c t u r e   10  in  a  m a n n e r   w h e r e b y   the   top  20  and  the  b o t t o m   22  

of  t he   c a p a c i t i v e   s t r u c t u r e   10  as  w e l l   as  f i r s t   and  s e c o n d  

e l e c t r i c a l   c o n t a c t s   1 4 ,   16  a r e   c o v e r e d   by  t h e   t h e r m a l l y  

i n s u l a t i v e   m a t e r i a l   1 8 .  

F o r   e a s e   o f   u n d e r s t a n d i n g   t h e   i n v e n t i o n   o f   t h i s  

a p p l i c a t i o n ,   s i m i l a r   e l e m e n t s   w i l l   be  i d e n t i f i e d   by  s i m i l a r  

r e f e r e n c e   n u m e r a l s   in  t he   v a r i o u s   d r a w i n g s .   S i m i l a r ,   y e t  

s l i g h t l y   d i f f e r e n t ,   e l e m e n t s   w i l l   be  g i v e n   s i m i l a r   r e f e r e n c e  

n u m e r a l s   w i t h   s u b s c r i p t s   to  f u r t h e r   e n h a n c e   u n d e r s t a n d i n g   o f  

the   i n v e n t i o n .  

F i g .   3  i l l u s t r a t e s   an  a l t e r n a t e   e m b o d i m e n t   o f   t h e  

a p p l i c a t i o n   of  a  t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   18a  to  a  l e n g t h  

of  c a p a c i t i v e   s t r u c t u r e   10  such   t h a t   the   t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l   18a ,   wh ich   may  a l s o   be  a  t h e r m a l l y   i n s u l a t i v e   t a p e ,  

c o v e r s   t he   t o p   2 0 ,  t h e   b o t t o m   22 ,   and  t h e   f i r s t   and   s e c o n d  

e l e c t r i c a l   c o n t a c t s   14  and  1 6 .  

R e f e r r i n g   to  F i g .   4 ,   a  c r o s s   s e c t i o n a l   v i e w   of  a  l e n g t h  

of  c a p a c i t i v e   s t r u c t u r e   10  is  shown  w i t h   yet   a n o t h e r   a l t e r n a t e  



e m b o d i m e n t   of  the   a p p l i c a t i o n   of  t h e r m a l l y   i n s u l a t i v e   m a t e r i a l  

18b  in  a  m a n n e r   s i m i l a r   to  the  a p p l i c a t i o n   i l l u s t r a t e d   in  F i g .  

3.  H o w e v e r ,   in  t h e   a p p l i c a t i o n   i l l u s t r a t e d   in  F i g .   4,  t h e  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   1 8 b ,   r a t h e r   t h a n   m e e t i n g   in  a 

b u t t   seam  24,  as  i l l u s t r a t e d   in  F i g .   3,  o v e r l a p s   a t   t h e   t op   2 0  

of  t h e   l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   such  t h a t   a  f i r s t   t a i l  

26  u n d e r l i e s   a  s e c o n d   t a i l   28  of  t he   t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l   1 8 c .  

O t h e r   c o m m o n   w r a p p i n g   t e c h n i q u e s   w o u l d   be  e q u a l l y  

a p p l i c a b l e   to  t h i s   i n v e n t i o n   for   the  a p p l i c a t i o n   of  t h e r m a l l y  

i n s u l a t i v e   m a t e r i a l .  

R e f e r r i n g   to  F i g .   5,  a  l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   10 

is  i l l u s t r a t e d   w i t h   a  t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   18  a p p l i e d  

t h e r e t o .   A  b o u n d a r y   30  i s   s h o w n   in  p h a n t o m   in  F i g .   5 

i l l u s t r a t i n g   e s t a b l i s h m e n t   o f   a  p h y s i c a l   l i m i t   of   a n  

i n d i v i d u a l   c a p a c i t o r   t o   be  f o r m e d   f r o m   t h e   l e n g t h   o f  

c a p a c i t i v e   s t r u c t u r e   10  as  s h a l l   be  d i s c u s s e d   in  g r e a t e r  

d e t a i l   h e r e i n a f t e r .   S i m i l a r   b o u n d a r i e s   30  ( n o t   s h o w n )   a r e  

e s t a b l i s h e d   a t   s i m i l a r   i n t e r v a l s   a l o n g   t h e   l e n g t h   o f  

c a p a c i t i v e   s t r u c t u r e   10  in  o r d e r   to  d e l i n e a t e   a  p l u r a l i t y   o f  

c a p a c i t o r s   to   be  f o r m e d   f r o m   t h e   l e n g t h   o f   c a p a c i t i v e  

s t r u c t u r e   1 0 .   A l t e r n a t i n g   w i t h   t h e   b o u n d a r i e s   30  a r e   a 

p l u r a l i t y   of  e l e c t r i c a l   a c c e s s ,  p a s s a g e s   32  p r o v i d i n g  



e l e c t r i c a l   a c c e s s   t h r o u g h   the  t h e r m a l l y   i n s u l a t i v e   l a y e r   18  t o  

t h e   f i r s t   e l e c t r i c a l   c o n t a c t   14  of   t h e   l e n g t h   of  c a p a c i t i v e  

s t r u c t u r e   10.  S i m i l a r l y ,   on  t h e   o p p o s i t e   e d g e   of  t h e   l e n g t h  

of  c a p a c i t i v e   s t r u c t u r e   10  t h e r e   a r e   f o r m e d   a  p l u r a l i t y   o f  

e l e c t r i c a l   a c c e s s   p a s s a g e s   34  a l t e r n a t i n g   w i t h   t h e   b o u n d a r i e s  

30  to   p r o v i d e   e l e c t r i c a l   a c c e s s   t h r o u g h   t h e   t h e r m a l l y  

i n s u l a t i v e   l a y e r   18  to  the   s e c o n d   e l e c t r i c a l   c o n t a c t   16  of  t h e  

l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   10 .   T h u s ,   when  t h e   l e n g t h   o f  

c a p a c i t i v e   s t r u c t u r e   10  is  s e v e r e d   a l o n g   t h e   p l u r a l i t y   o f  

b o u n d a r i e s   30 ,   a  p l u r a l i t y   of  c a p a c i t o r s   is  f o r m e d ,   each   w h i c h  

c a p a c i t o r s   h a s   f o r m e d   t h e r e i n   e l e c t r i c a l   a c c e s s   p a s s a g e s   3 2  

and  34  to   p r o v i d e   e l e c t r i c a l   a c c e s s   to  i t s  r e s p e c t i v e   f i r s t  

e l e c t r i c a l   c o n t a c t   14  and  s e c o n d   e l e c t r i c a l   c o n t a c t   16  f r o m  

w i t h o u t   the   t h e r m a l l y   i n s u l a t i v e   l a y e r   1 8 .  

F i g .   6  i l l u s t r a t e s ,   in  s e c t i o n a l   v i e w ,   t h e   p r e f e r r e d  

method   fo r   f o r m i n g   e l e c t r i c a l   a c c e s s   p a s s a g e s   32  and  34  in  t h e  

l e n g t h   o f   c a p a c i t i v e   s t r u c t u r e   10 .   In  F i g .   6  a  saw  36  i s  

a p p l i e d   to  t he   l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   10  a t   a  p o s i t i o n  

w h e r e   i t   is  d e s i r e d   to  form  an  e l e c t r i c a l   p a s s a g e   34.  In  t h i s  

p r e f e r r e d   e m b o d i m e n t ,   the   saw  36  is  r o t a t e d   in  a  d i r e c t i o n   3 8  

a b o u t   an  a x i s   of  r o t a t i o n   40  and  the  e l e c t r i c a l   a c c e s s   p a s s a g e  

34  is  f o r m e d   t r a v e r s i n g   t h e   t h e r m a l l y   i n s u l a t i v e   l a y e r   1 8 ,  

e n t e r i n g   t h e   s e c o n d   e l e c t r i c a l   c o n t a c t   16,  and  s t o p p i n g   s h o r t  

of  t he   c a p a c i t i v e   p l a t e s   12  of   t h e   l e n g t h   of  c a p a c i t i v e  



s t r u c t u r e   10 .   The  p h y s i c a l   d i m e n s i o n s   of   t h e   e l e c t r i c a l  

a c c e s s   p a s s a g e s   32  a n d   34  a r e   e s t a b l i s h e d   to   a l l o w  

s u b s t a n t i a l l y   f r e e   e l e c t r i c a l   c o m m u n i c a t i o n   to  t h e   f i r s t   a n d  

s e c o n d   e l e c t r i c a l   c o n t a c t s   14  a n d   16  o f   t h e   l e n g t h   o f  

c a p a c i t i v e   s t r u c t u r e   10  w h i l e   s u b s t a n t i a l l y   r e s t r i c t i n g  

t h e r m a l   c o m m u n i c a t i o n   t h e r e t h r o u g h   from  w i t h o u t   the  t h e r m a l l y  

i n s u l a t i v e   l a y e r   1 8 .  

F o l l o w i n g   the   f o r m a t i o n   of  e l e c t r i c a l   a c c e s s   p a s s a g e s   32 

and  34  as  d i s c u s s e d   w i t h   r e s p e c t   to  F i g s .   5  and  6,  and  b e f o r e  

s e v e r i n g   t h e   l e n g t h   o f   c a p a c i t i v e   s t r u c t u r e   10  a l o n g  

b o u n d a r i e s   30  to  fo rm  i n d i v i d u a l   c a p a c i t o r s ,   a  p l u r a l i t y   o f  

l e n g t h s   of  c a p a c i t i v e   s t r u c t u r e   10  a r e   c o m p r e s s e d   by  f o r c e   " F "  

w i t h i n   a  f i x t u r e   42  and  e l e c t r i c a l   c o n t a c t   pads   a r e   a p p l i e d   t o  

e d g e s   44  and  46  p r e f e r a b l y ,   as  shown  in  F i g .   7,  by  s p r a y i n g  

e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   48  from  a  s p r a y i n g   d e v i c e   5 0 ,  

w h i c h   s p r a y i n g   d e v i c e   50  i s   m a n e u v e r a b l e   to   e n s u r e   e v e n  

d i s t r i b u t i o n   of  the  e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   48  a c r o s s  

a l l   e d g e s   44  and  46  of   the   p l u r a l i t y   of  l e n g t h s   of  c a p a c i t i v e  

s t r u c t u r e   1 0 .   The  p l u r a l i t y   of   l e n g t h s   o f   c a p a c i t i v e  

s t r u c t u r e   10  a r e   s e p a r a t e d   w h i l e   b e i n g   h e l d   w i t h i n   the  f i x t u r e  

42  by  s e p a r a t o r   s t r i p s   52  to  f a c i l i t a t e   s e p a r a t i o n   of  t h e  

p l u r a l i t y   o f   l e n g t h s   o f   c a p a c i t i v e   s t r u c t u r e   10  u p o n  

c o m p l e t i o n   of  a p p l i c a t i o n   of   t h e   e l e c t r i c a l l y   c o n d u c t i v e  

m a t e r i a l   4 8 .  



F o l l o w i n g   t h e   a p p l i c a t i o n   of  e l e c t r i c a l l y   c o n d u c t i v e  

m a t e r i a l   4 8 ,   as  d e s c r i b e d   a b o v e   w i t h   r e s p e c t   to  F i g .   7,  t h e  

l e n g t h s   of   c a p a c i t i v e   s t r u c t u r e   10  a r e   s e v e r e d   a l o n g  

b o u n d a r i e s   30  ( d e s c r i b e d   w i t h   r e s p e c t   to   F i g .   5)  to  f o r m   a 

p l u r a l i t y   of  c a p a c i t i v e   u n i t s   53 ,   s u c h   as  shown   in  F i g .   8 .  

E a c h   c a p a c i t i v e   u n i t   5 3 ,   i t   s h o u l d   be  n o t e d ,   h a s   i t s  

c a p a c i t i v e   p l a t e s   12  e x p o s e d .   F u r t h e r ,   e a c h   c a p a c i t i v e   u n i t  

53  has   f o r m e d   t h e r e o n   e l e c t r i c a l   c o n t a c t   p a d s   54  a n d   5 6  

a s s o c i a t e d   r e s p e c t i v e l y   w i t h   f i r s t   e l e c t r i c a l   c o n t a c t   14  a n d  

s e c o n d   e l e c t r i c a l   c o n t a c t   16.  Each  e l e c t r i c a l   c o n t a c t   pad  5 4 ,  

56  f i l l s   and  e x t e n d s   b e y o n d   i t s   r e s p e c t i v e   e l e c t r i c a l   a c c e s s  

p a s s a g e   32,  34  ( n o t   v i s i b l e   in  F i g .   8)  to  i n c r e a s e   e l e c t r i c a l  

c o n t a c t   a r e a   f o r   t h e   f i r s t   e l e c t r i c a l   c o n t a c t   14  and  s e c o n d  

e l e c t r i c a l   c o n t a c t   16  a c c e s s i b l e   f r o m   w i t h o u t   t he   l a y e r   o f  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   1 8 .  

R e f e r r i n g   to  F i g .   9,  the   f i n a l   s t e p   of  f a b r i c a t i o n   of  a n  

i n d i v i d u a l   c a p a c i t o r   58  i s   i l l u s t r a t e d .   The  i n d i v i d u a l  

c a p a c i t o r   58  h a s   a p p l i e d   t h e r e t o   an  a d d i t i o n a l   a p p l i c a t i o n   o f  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   6 0 ,   s h o w n   in   F i g .   9  in  i t s  

p r e f e r r e d   e m b o d i m e n t   as  t h e r m a l l y   i n s u l a t i v e   t a p e .   T h e  

t h e r m a l l y   i n s u l a t i v e   t a p e   60  is  so  a p p l i e d   as  to  c o m p l e t e  

t h e r m a l   p r o t e c t i o n   of  t h e . c a p a c i t i v e   u n i t   52 ,   c o v e r i n g   t h e  



c a p a c i t i v e   p l a t e s   12  ( n o t   v i s i b l e   in  F i g .   9)  y e t   l e a v i n g  

e x p o s e d   e l e c t r i c a l   c o n t a c t   pads  54  and  5 6 .  

T h u s ,   as  i l l u s t r a t e d   in  F i g .   10,  the   c a p a c i t o r   58  may  b e  

h e l d  i n   p l a c e   f o r   h a n d l i n g   and  p r o c e s s i n g   u p o n   a  c i r c u i t  

s u b s t r a t e   62  and  a c r o s s   c i r c u i t   e l e m e n t s   66  and  68  by  a d h e s i v e  

m a t e r i a l   64.  T h e  c i r c u i t   s u b s t r a t e   62  w i t h   t h e   c a p a c i t o r   5 8  

a t t a c h e d   t h e r e t o   by  a d h e s i v e   m a t e r i a l   64  is  t hen   s u b j e c t e d   t o  

a  s o l d e r i n g   p r o c e s s ,   s u c h   as  w a v e   s o l d e r i n g   or   r e f l o w  

s o l d e r i n g ,   so  t h a t   t h e   s o l d e r   m a t e r i a l   a d h e r e s   to  e l e c t r i c a l  

c o n t a c t  p a d   54  and  c i r c u i t   e l e m e n t   66  to  c o m p l e t e   a  c i r c u i t  

and   a  p h y s i c a l   j o i n t   t h e r e b e t w e e n   w h i l e   a l s o   a d h e r i n g   t o  

e l e c t r i c a l   c o n t a c t   pad  56  and  c i r c u i t   e l e m e n t   68  to  p r o v i d e   a n  

e l e c t r i c a l   and  p h y s i c a l   j o i n t   t h e r e b e t w e e n   as  w e l l .  

S u c h   s u r f a c e   m o u n t i n g   a p p l i c a t i o n s - ,   as  d i s c u s s e d  

h e r e i n b e f o r e ,   a re   p a r t i c u l a r l y   a d v a n t a g e o u s   and  d e s i r a b l e   i n  

i n d u s t r y   and  i t   is  f o r   t h e s e   p a r t i c u l a r   a p p l i c a t i o n s  t h a t   t h e  

i n v e n t i o n   of  the  p r e s e n t   a p p l i c a t i o n   is  s p e c i f i c a l l y   d e s i g n e d .  

R e f e r r i n g   to  F i g .   1 1 ,   a  p a r t i a l   c u t   a w a y  v i e w   of  a 

f i n i s h e d   c a p a c i t o r   a c c o r d i n g   to  t h e   p r e f e r r e d   e m b o d i m e n t   o f  

the   p r e s e n t   i n v e n t i o n   is  s h o w n .  



In  t h e   f i n i s h e d   c a p a c i t o r   70  o f   F i g .   11,  the  p l u r a l i t y  

of  p a r a l l e l   c a p a c i t i v e   p l a t e s   12  and  t h e   f i r s t   e l e c t r i c a l  

c o n t a c t   14  e x p o s e d   in  F i g .   11  a r e   s e e n   to  be  w r a p p e d   w i t h  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   18  in  a  m a n n e r   c o n s i s t e n t   w i t h  

F i g s .   2,  3,  or  4  as  h e r e i n b e f o r e   d i s c u s s e d .  

The  e l e c t r i c a l   a c c e s s   p a s s a g e   32  is  shown  in  e x a g g e r a t e d  

p r o p o r t i o n s   in  F i g .   11  to  f a c i l i t a t e   i l l u s t r a t i o n   of  e x p o s u r e  

of  f i r s t   e l e c t r i c a l   c o n t a c t   14  w i t h i n   t h e   e l e c t r i c a l   a c c e s s  

p a s s a g e   3 2 .  

E l e c t r i c a l   c o n t a c t   p a d   54  i s   s h o w n   in   F i g .   11  a s  

c o m p r i s i n g   a  f i r s t   s t r a t u m   72  and  a  s e c o n d   s t r a t u m   74.   T h e  

f i r s t   s t r a t u m   72  is  a d j a c e n t   and  a d h e r e s   to  t h e   t h e r m a l l y  

i n s u l a t i v e   m a t e r i a l   18  and  f i l l s   and  e x t e n d s   b e y o n d   e l e c t r i c a l  

a c c e s s   p a s s a g e   32  to  i n c r e a s e   the   e l e c t r i c a l   c o n t a c t   a r e a   f o r  

the  f i r s t   e l e c t r i c a l   c o n t a c t   14  a c c e s s i b l e   f rom  w i t h o u t   t h e  

l a y e r   o f   t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   18  t h r o u g h   t h e  

e l e c t r i c a l   a c c e s s   p a s s a g e   3 2 .  

The  s e c o n d   s t r a t u m   74,   w h i c h   s e c o n d   s t r a t u m   w o u l d   b e  

a p p l i e d   by  a  s e c o n d   a p p l i c a t i o n   of  m a t e r i a l   as  d e s c r i b e d   w i t h  

r e s p e c t   to  F i g .   7,  is  a p p l i e d   to  the   f i r s t   s t r a t u m   7 2 .  



In  t h e   p r e f e r r e d   e m b o d i m e n t   i l l u s t r a t e d   in  F i g .   1 1 ,  t h e  

f i r s t   s t r a t u m   72  w o u l d   be  c o m p r i s e d   of  h i g h l y   e l e c t r i c a l l y  

c o n d u c t i v e   and  h i g h l y   t h e r m a l l y   c o n d u c t i v e   m a t e r i a l ,   and  t h e  

s e c o n d   s t r a t u m   74  w o u l d   be  c o m p r i s e d   of  m a t e r i a l  w h i c h   i s  

m o d e r a t e l y   e l e c t r i c a l l y   c o n d u c t i v e   and  m o d e r a t e l y   t h e r m a l l y  

i n s u l a t i v e   in  i t s   p r o p e r t i e s .  

In  t h e   p r e f e r r e d   e m b o d i m e n t   of  F i g .   11,   t h e   t h e r m a l l y  

i n s u l a t i v e  l a y e r   18  is  p r e f e r r a b l y   c o m p r i s e d   of  p o r o u s   p a p e r ,  

w h i c h   p o r o u s   p a p e r   i s   to   be  l a t e r  i m p r e g n a t e d   d u r i a g  

p r o c e s s i n g   w i t h   a  m a t e r i a l   h a v i n g   a  h i g h   h e a t   of  f u s i o n   s u c h  

as  m i c r o c r y s t a l l i n e   wax  m a t e r i a l ,   f o r   p u r p o s e s   h e r e i n a f t e r  

d e c r i b e d   in  m o r e   d e t a i l .   A  f i r s t   t r a n s v e r s e   t h e r m a l l y  

i n s u l a t i v e   l a y e r   76  is  a l s o   c o m p r i s e d   of  p o r o u s   p a p e r  f o r  

s i m i l a r   i m p r e g n a t i o n   d u r i n g   l a t e r   p r o c e s s i n g .   The  s e c o n d  

t r a n s v e r s e   t h e r m a l l y   i n s u l a t i v e  l a y e r .  7 8   i s   p r e f e r r a b l y  

c o m p r i s e d   of   t h e r m a l l y   i n s u l a t i v e   t a p e  o r   a  t h e r m a l l y  

i n s u l a t i v e   c o n f o r m a l   c o a t i n g .   The  t h i r d   t r a n s v e r s e   t h e r m a l l y  

i n s u l a t i v e   l a y e r   80  i s ,   l i k e w i s e ,  p r e f e r r a b l y   c o m p r i s e d   o f  

t h e r m a l l y   i n s u l a t i v e   t a p e   or  t h e r m a l l y   i n s u l a t i v e   c o n f o r m a l  

c o a t i n g   m a t e r i a l .  

The  t h e r m a l l y   i n s u l a t i v e   l a y e r s   18  and  76  c o m p r i s e  

b a r r i e r   l a y e r s   s i n c e ,   d u r i n g   p r o c e s s i n g   o f   the  c a p a c i t o r   t o  b e  



h e r e i n a f t e r   d e s c r i b e d   in  d e t a i l ,   t h e y   a r e   i m p r e g n a t e d   w i t h   a 

m a t e r i a l   h a v i n g   a  h i g h   b e a t   o f   f u s i o n ,   s u c h   a s  

m i c r o c r y s t a l l i n e   wax  m a t e r i a l .  

T h u s ,   t h e   t h e r m a l l y   i n s u l a t i v e   l a y e r s   78  and   80  a r e  

w r a p p e d   t r a n s v e r s e l y   a b o u t   t h e   c a p a c i t i v e   u n i t   5 3 ,   a s  

d e s c r i b e d   in  F i g s .   8  and  9,  to  impede   the  r a t e   of  h e a t   f low  t o  

the   c a p a c i t i v e   u n i t   5 3 .  

Hea t   f l o w ,   g e n e r a l l y ,   f o l l o w s   the  l i n e a r   r e l a t i o n s h i p :  

w h e r e :   Q  e q u a l s   amount   of  h e a t  

t  e q u a l s   t i m e  

K  e q u a l s   t h e r m a l   c o n d u c t i v i t y   c p e f f i c i e n t  

A  e q u a l s   c r o s s - s e c t i o n a l   a r e a   p e r p e n d i c u l a r  

to  the  h e a t   f l o w   d i r e c t i o n  

d  e q u a l s   l e n g t h   of  the   h e a t   f low  p a t h  

Δ T   e q u a l s   t e m p e r a t u r e   d i f f e r e n c e   a c r o s s   t h e  

l e n g t h   d 



Q / t   is   t h e   p o w e r   w h i c h   is   b e i n g   c o n d u c t e d   i n t o   t h e  

c a p a c i t o r .   The  f i l m   t h i c k n e s s   d,  s h o u l d   be  s m a l l   to  k e e p   t h e  

c a p a c i t o r   s i z e   as  s m a l l   as  p o s s i b l e .   The  c r o s s - s e c t i o n ,   A,  i s  

d e t e r m i n e d   by  the   c a p a c i t o r   s i z e   and  s h a p e .  A T   is  d e t e r m i n e d  

by  t h e   s o l d e r i n g   p r o c e s s   t e m p e r a t u r e .   K  is  a  c o n s t a n t   w h i c h  

is  d e p e n d e n t   upon  m a t e r i a l s   u s e d .  

I t   c a n   be  s e e n   t h a t   t h e   m a i n t e n a n c e   of   a  s m a l l  

c r o s s - s e c t i o n a l   a r e a ,   A,  in  e l e c t r i c a l   a c c e s s   p a s s a g e s   32  a n d  

34  ( F i g .   5)  s e r v e s   to  m i n i m i z e   the  t h e r m a l   c o n d u c t i v e   pa th   by  

m i n i m i z i n g   A  in  the  l i n e a r   r e l a t i o n s h i p   c i t e d   a b o v e .  

R a t h e r   t h a n   r e l y   s o l e l y   u p o n   i m p e d i n g   t h e r m a l  

c o n d u c t i v i t y   to  l i m i t   t h e   t h e r m a l   p o w e r   c o n d u c t e d   i n t o   a 

c a p a c i t o r   d u r i n g   h i g h   t e m p e r a t u r e   p r o c e s s e s   of  c i r c u i t  

a s s e m b l y ,   s u c h   as  w a v e   s o l d e r i n g ,   a  f u r t h e r   p r i n c i p l e  

i n v o l v i n g   t h e   h e a t   of  f u s i o n   of  a  c o v e r i n g   m a t e r i a l   is  a l s o  

e m p l o y e d   by  the   p r e f e r r e d   e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n .  

S p e c i f i c a l l y ,   b a r r i e r   l a y e r s   18  and   76  in   F i g .   11  a r e  

c o m p r i s e d   of   p o r o u s   p a p e r   w h i c h ,   d u r i n g   p r o c e s s i n g ,   i s  

i m p r e g n a t e d   w i t h   a  m i c r o c r y s t a l l i n e   wax  m a t e r i a l   h a v i n g   a  h i g h  

h e a t   of  f u s i o n .  



T h u s ,   d u r i n g   s o l d e r i n g   o p e r a t i o n s ,   h e a t   may  be  c o n d u c t e d  

t h r o u g h   t h e   t h e r m a l l y   i n s u l a t i v e   l a y e r s   78  and  80  to  b a r r i e r  

l a y e r s   76  a n d   1 8 .   H a v i n g   a  h i g h   h e a t   o f   f u s i o n ,   t h e  

m i c r o c r y s t a l l i n e   wax  m a t e r i a l   w h i c h   i m p r e g n a t e s   b a r r i e r   l a y e r s  

76  a n d   18  c h a n g e s   s t a t e   f r o m   a  s o l i d   t o   a  l i q u i d   a t   a 

t e m p e r a t u r e   b e l o w   t h e   t e m p e r a t u r e   w h i c h   w i l l   d a m a g e  t h e  

c a p a c i t o r   p l a t e s   12  f o r   s h o r t   t i m e   t h e r m a l   e x p o s u r e .   F o r  

e x a m p l e ,   f o r   MYLARe*  p o l y e s t e r   f i l m ,   a  s a f e   s h o r t   t i m e  

t e m p e r a t u r e   is  1 6 0 ° C .   A f t e r   the   c h a n g e   of  s t a t e   s u b s t a n c e   i s  

( i . e . ,  t h e   h i g h   h e a t   of  f u s i o n   m a t e r i a l )   e l e v a t e d   to  i t s  

m e l t i n g   p o i n t ,   i t s   t e m p e r a t u r e   c e a s e s   to  r i s e   b u t   r e m a i n s  

n e a r l y   c o n s t a n t   u n t i l   t he   s u b s t a n c e   has   a b s o r b e d   s u f f i c i e n t  

e n e r g y   to  c h a n g e   i t s   s t a t e .   A  m e a s u r e   of  t h e   e n e r g y   r e q u i r e d  

to  m e l t   t h e   c h a n g e   of  s t a t e   m a t e r i a l ,   p e r   u n i t   m a s s ,   is  t h e  

h e a t   of  f u s i o n .   T h e r e f o r e ,   a  s m a l l   m a s s   of   m a t e r i a l   i s  

p e r c e i v e d   to  h a v e   a  h i g h   t h e r m a l   c a p a c i t y   as  h e a t   is  added   t o  

t a k e   i t   t h r o u g h   i t s   m e l t i n g   p o i n t . .  

Fo r   e x a m p l e ,   t h e   h e a t   r e q u i r e d   to   r a i s e   a  s h e e t   o f  

KAPTON⊗*  f i l m   lcm2  and  .012cm  t h i c k   f rom  25°C  to  160°C  i s :  

*  R e g i s t e r e d   Trademark  of  E.I.   DuPont  de  Nemours 



And  t h e   h e a t   r e q u i r e d   to  r a i s e   a  s h e e t   of  50%  p o r o u s  

p a p e r   lcm2  and  .012cm  t h i c k   i m p r e g n a t e d   w i t h   m i c r o c r y s t a l l i n e  

wax  from  25°C  to  160°C  i s :  

H 1  =   b e a t   t o  r a i s e   p a p e r   1 3 5 ° C  

=  ( . 6 5 ) [ ( . 3 5 ) ( . 0 1 2 ) ] ( 1 3 5 )  

=  . 368   c a l o r i e s  

P r e s u m i n g   t h e   t h i c k n e s s   of  t h e   i m p r e g n a t i n g   wax  to  be  o n e - h a l f  

the   t h i c k n e s s   of  i t s   h o s t   medium  ( t h e   p o r o u s   p a p e r ) :  

H2 =  h e a t   to  r a i s e   wax  to  m e l t i n g   p o i n t ,   8 5 ° c  

=  ( . 5 ) [ ( . 9 3 ) ( . 0 0 6 ) ) ( 6 0 )  

=  . 167   c a l o r i e s  

R3  =  h e a t   to  r a i s e   wax  from  m e l t i n g   p o i n t   to  1 6 0 ° C  

=  ( . 6 ) [ ( . 7 4 ) ( . 0 0 6 ) ] ( 7 5 )  

=  . 1 9 9  c a l o r i e s  

H4 =  h e a t   r e q u i r e d   to  c h a n g e   s t a t e   of  wax 

=  ( . 9 3 ) ( . 0 0 6 ) ( 4 8 )  

=  . 2 6 8   c a l o r i e s  



T o t a l   h e a t  =   1 . 0 0 2   c a l o r i e s  

T h u s ,   t h e   wax  p a p e r   r e q u i r e s   m o r e   h e a t   to  r a i s e   i t s  

t e m p e r a t u r e   to  1 6 0 ° C   t h a n   an  e q u a l   t h i c k n e s s   o f   K A P T O N ⊗ * .  

A s s u m i n g   t he   s o u r c e   t e m p e r a t u r e   d i f f e r e n t i a l   is  e q u a l   a c r o s s  

e a c h   of  t h e   two  e x a m p l e   f i l m s   and   e q u a l   p o w e r   ( Q / t )   i s  

t r a n s m i t t e d   t h r o u g h   each   f i l m :  

T h e r e f o r e ,   a  s i m p l e   c h a n g e   of  s t a t e   s y s t e m ,   s a n d w i c h e d   b e t w e e n  

c o v e r i n g   of  t h e r m a l l y   r e s i s t i v e   l a y e r s   7 8 ,   80  a n d   t h e  

c a p a c i t i v e   u n i t   53  c a n   s i g n i f i c a n t l y   i n c r e a s e   t h e   t i m e  

r e q u i r e d   to  r a i s e   t h e   c a p a c i t i v e   u n i t   53  to   a  d a m a g i n g  

t e m p e r a t u r e .  

The  m i c r o c y s t a l l i n e   wax  c o n t e m p l a t e d   by  the   p r e s e n t  

i n v e n t i o n   has  two  a d d i t i o n a l   a d v a n t a g e s :   ( 1 )   when  i m p r e g n a t e d  



t h r o u g h o u t   the   c a p a c i t i v e  u n i t   53,  i t   d i a p l a c e s   a i r   v o i d s   a n d  

f o r m s   and  e x c e l l e n t   m o i s t u r e   b a r r i e r ;   and  ( 2 )   t he   wax  c o a t s  

the   e l e c t r i c a l   c o n t a c t   pad  54 ,   t h e r e b y   r e d u c i n g   t he   r a t e   o f  

o x i d a t i o n  o f   t h e   e l e c t r i c a l   c o n t a c t   pad  54  a n d ,   c o n s e q u e n t l y ,  

i m p r o v i n g   i t s   s o l d e r a b i l i t y   d u r i n g   c i r c u i t   a s s e m b l y  

p r o c e s s i n g .  

The   m e t h o d   f o r   p r o c e s s i n g   a  l e n g t h   of   c a p a c i t i v e  

s t r u c t u r e   10  t o  f o r m   a  p l u r a l i t y   of  c a p a c i t o r s   70  c o n f i g u r e d  

f o r   l e a d l e s s   a t t a c h m e n t   w i t h i n   e l e c t r i c a l   c i r c u i t r y   i n v o l v e s  

the   s t e p s   of  m e a s u r i n g   the  t o t a l   c a p a c i t a n c e   of  t h e   l e n g t h   o f  

c a p a c i t i v e   s t r u c t u r e   10  and  a s c e r t a i n i n g  a n d   d e l i n e a t i n g   a 

p l u r a l i t y   of  b o u n d a r i e s   30  a t h w a r t   t h e   l e n g t h   of  c a p a c i t i v e  

s t r u c t u r e   10  to   d e f i n e   the  d i m e n s i o n a l   l i m i t s   for   each  of  t h e  

p l u r a l i t y   o f  f i n i s h e d   c a p a c i t o r s   70.  Then  t h e r e   i s  a p p l i e d   a t  

l e a s t   one   l a y e r  o f   t h e r m a l l y   and  e l e c t r i c a l l y   i n s u l a t i v e  

m a t e r i a l   18  to  t h e  l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   10 ,   w h i c h  

l a y e r   or  l a y e r s   c o v e r   at   l e a s t   a  s u b s t a n t i a l   p o r t i o n   of  t h e  

l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   10,   i n c l u d i n g   t h e   f i r s t   a n d  

s e c o n d   e l e c t r i c a l   c o n t a c t s   14 ,   1 6 .   N e x t   a  p l u r a l i t y   o f  

e l e c t r i c a l   a c c e s s   m e a n s   32 ,   3 4  a r e   f o r m e d   in  an  a l t e r n a t e l y  

a r r a n g e d   p a t t e r n   w i t h   r e s p e c t   to  t h e   p l u r a l i t y   of  b o u n d a r i e s  

30 ;   t he   p l u r a l i t y   of  e l i g i b l e   a c c e s s   m e a n s   3 2 ,   3 4 ,   in  t h e  

p r e f e r r e d   e m b o d i m e n t ,   c o m p r i s e   n a r r o w   p a s s a g e s   t h r o u g h   the  a t  

l e a s t  o n e   l a y e r   o f  - t h e r m a l l y   a n d  e l e c t r i c a l l y   i n s u l a t i v e  



m a t e r i a l   18  and  e x p o s e ,   r e s p e c t i v e l y ,   f i r s t   e l e c t r i c a l   c o n t a c t  

14  or  s e c o n d   e l e c t r i c a l   c o n t a c t   1 6 .  

N e x t ,   e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   48  is  a p p l i e d   t o  

the  e d g e s   44  and  46  of  t h e   l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   1 0  

to  p r o v i d e   an  e x p a n d e d   a r e a   of  e l e c t r i c a l   c o n t a c t   w i t h   t h e  

f i r s t   and   s e c o n d   e l e c t r i c a l   c o n t a c t s   1 4 ,   16  t h r o u g h   t h e  

p l u r a l i t y   of  e l e c t r i c a l   a c c e s s   means   32,   34 .   In  the  p r e f e r r e d  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   m e t h o d   i n c l u d e s   a 

s e c o n d   a p p l i c a t i o n   of  e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l  

d i f f e r e n t   in  i t s   t h e r m a l   and  e l e c t r i c a l   c h a r a c t e r i s t i c s   f r o m  

t h e   f i r s t   a p p l i c a t i o n   of  e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   4 8 .  

The  f i r s t   a p p l i c a t i o n   of  e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   4 8  

c o m p r i s e s   m a t e r i a l   h a v i n g   h i g h   e l e c t r i c a l   c o n d u c t i v i t y   a n d  

m o d e r a t e   t h e r m a l   c o n d u c t i v i t y   c h a r a c t e r i s t i c s .   The  s e c o n d  

a p p l i c a t i o n   o f   e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l  

48  c o m p r i s e s   m a t e r i a l   h a v i n g   a  r e l a t i v e l y   l o w e r   e l e c t r i c a l  

c o n d u c t i v i t y   and  h i g h e r   t h e r m a l   c o n d u c t i v i t y .  

Then   t he   l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   10  is  s e v e r e d   a t  

each   of  the   p l u r a l i t y   of  b o u n d a r i e s   30  to  f o r m   a  p l u r a l i t y   o f  

c a p a c i t i v e   u n i t s   5 3 .  

T h e n   a t   l e a s t   o n e   a d d i t i o n a l   l a y e r   of  t h e r m a l l y   a n d  

e l e c t r i c a l l y   i n s u l a t i v e   m a t e r i a l   6 0  i s   a p p l i e d   to  e a c h   of  t h e  



c a p a c t i v e   u n i t s   53 ,   which   at  l e a s t   one  a a a i t i o n a l   l a y e r   60  

c o v e r s   at  l e a s t   a l l   p o r t i o n s   of  each   of  the  c a p a c i t i v e   u n i t s  

53  not   p r e v i o u s l y   c o v e r e d   by  the  t h e r m a l l y   and  e l e c t r i c a l l y  

i n s u l a t i v e   m a t e r i a l   18  and,   f u r t h e r ,   the   at  l e a s t   o n e  

a d d i t i o n a l   l a y e r   l e a v e s   at  l e a s t   a  p o r t i o n   of  each  of  t h e  

e l e c t r i c a l   c o n t a c t   means  54,  56  e x p o s e d   and  a v a i l a b l e   f o r  

e l e c t r i c a l   c o n n e c t i o n   t h e r e t o .  

In  the  p r e f e r r e d   e m b o d i m e n t   of  the   p r e s e n t   me thod   t h e  

f i r s t   of  the   at  l e a s t   one  l a y e r s   of  t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l   18  c o n s t i t u t e s   a  b a r r i e r   l a y e r .   The  b a r r i e r   l a y e r   18 

is  c o m p r i s e d   of  a  p o r o u s   m a t e r i a l ,   such   as  p a p e r .   F u r t h e r ,  

in  the  p r e f e r r e d   e m b o d i m e n t   of  the   p r e s e n t   m e t h o d ,   the   f i r s t  

a d d i t i o n a l   l a y e r   of  t h e r m a l l y   and  e l e c t r i c a l l y   i n s u l a t i v e  

m a t e r i a l   c o m p r i s e s   a  b a r r i e r   l a y e r   76,   a l s o   c o m p r i s e d   o f  a  

p o r o u s   m a t e r i a l   such   as  p a p e r .   S t i l l   f u r t h e r ,   a c c o r d i n g  t o  

the   p r e f e r r e d   e m b o d i m e n t   of  the  p r e s e n t   m e t h o d ,   p r i o r   t o  

a p p l i c a t i o n   of  s u c c e e d i n g   l a y e r s   of  the   at  l e a s t   o n e  

a d d i t i o n a l   l a y e r   of  t h e r m a l l y   and  e l e c t r i c a l l y   i n s u l a t i v e  

m a t e r i a l ,   such   as  l a y e r s   78  and  80  in  F i g .   11,  t h e  c a p a c i t i v e  

u n i t s   53  a r e   i m p r e g n a t e d   w i th   a  m a t e r i a l   h a v i n g   a  h igh   h e a t   o f  

f u s i o n ,   such   as  a  m i c r o c r y s t a l l i n e   w a x .  



In  the   p r e f e r r e d   e m b o d i m e n t   of  the   p r e s e n t   m e t h o d  

i n v e n t i o n ,   the   l a y e r s   of  e l e c t r i c a l l y   and  t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l   18  and  the   a d d i t i o n a l   l a y e r s   of  e l e c t r i c a l l y   a n d  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   60  a re   c o m p r i s e d   of  e l e c t r i c a l l y  

and  t h e r m a l l y   i n s u l a t i v e   t a p e .  

In  an  a l t e r n a t e   e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n ,  

some  or  a l l   of  the   e l e c t r i c a l l y   and  t h e r m a l l y   i n s u l a t i v e  

l a y e r s   and  the  a d d i t i o n a l   e l e c t r i c a l l y   and  t h e r m a l l y  

i n s u l a t i v e   l a y e r s ,   e x c e p t   fo r   the   b a r r i e r   l a y e r s   ( s u c h   as  18  

and  76  in  F i g .   11)  may  be  c o m p r i s e d   of  c o n f o r m a l   c o a t i n g  

m a t e r i a l   r a t h e r   t h a n   a d h e s i v e   t a p e .  



1.  A  s u r f a c e   m o u n t a b l e   e l e c t r i c a l   d e v i c e   ( 5 8 , 7 0 )  

c o m p r i s i n g   an  e l e c t r i c a l   c o m p o n e n t   (12)  h a v i n g   a  

p l u r a l i t y   of   c o n t a c t s   (14,   16)  c h a r a c t e r i s e d   by  a  

p l u r a l i t y   o f   l a y e r s   (18,   18a ,   60,  76 ,   78,   80)  o f  

t h e r m a l l y   i n s u l a t i v e   m a t e r i a l   c o v e r i n g   t h e   e l e c t r i c a l  

c o m p o n e n t   ( 1 2 ) ,   a c c e s s   means   (32,   34)  a f f o r d i n g  

e l e c t r i c a l   a c c e s s   to   e a c h   of  t he   c o n t a c t s   (14 ,   16)  w h i l e  

i m p e d i n g   t h e r m a l   a c c e s s   to  t he   c o n t a c t ,   and  d i s c r e t e  

e l e c t r i c a l l y   c o n d u c t i v e   means   (54,  56,  72,  74)  a s s o c i a t e d  

w i t h   e a c h   of  t h e   a c c e s s   means   (32,   34)  f o r   i n c r e a s i n g   t h e  

e l e c t r i c a l   c o n t a c t   a r e a   of  e a c h   of  t he   a c c e s s   m e a n s .  

2.  A  d e v i c e   a c c o r d i n g   to   c l a i m   1,  in   w h i c h   t h e  

e l e c t r i c a l   c o m p o n e n t   i s   a  m e t a l l i z e d   f i l m   c a p a c i t o r   ( 1 2 )  

and  t h e r e   a r e   two  c o n t a c t s   (14,   1 6 ) .  

3.  A  d e v i c e   a c c o r d i n g   to   c l a i m   1  or  c l a i m   2,  in  w h i c h  

t h e   p l u r a l i t y   of   l a y e r s   of  t h e r m a l l y   i n s u l a t i v e   m a t e r i a l  

i n c l u d e   a  f i r s t   l a y e r   (18,  18a)  a d j a c e n t   t h e   e l e c t r i c a l  

c o m p o n e n t   ( 1 2 ) ,   t h e   f i r s t   l a y e r   i n c l u d i n g   a  m a t e r i a l  

h a v i n g   a  h i g h   h e a t   of  f u s i o n .  

4.  A  d e v i c e   a c c o r d i n g   to   c l a i m   3,  in   w h i c h   t h e  

p l u r a l i t y   of   l a y e r s   of   t h e r m a l l y   i n s u l a t i v e   m a t e r i a l  

f u r t h e r   i n c l u d e s   a t   l e a s t   one  l a y e r   of   t h e r m a l l y  

i n s u l a t i v e   t a p e   (60,   7 6 ) .  

5.  A  d e v i c e   a c c o r d i n g   to  c l a i m   3  or  c l a i m   4,  in  w h i c h  

t h e   a c c e s s   means   c o m p r i s e   n a r r o w   p a s s a g e s   (32,   341 

e x t e n d i n g   t h r o u g h   t h e   f i r s t   l a y e r   of  t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l .  

6.  A  d e v i c e   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   1  to   3,  i n  

w h i c h   w h i c h   t h e   d i s c r e t e   e l e c t r i c a l l y   c o n d u c t i v e   m e a n s  

c o m p r i s e s   a  p l u r a l i t y   of  d i s c r e t e   p a t t e r n s   (54 ,   56,  7 2 ,  

74)  of  e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   a p p l i e d   to  a 

l a y e r   (18,   18a)  of  t h e   t h e r m a l l y   i n s u l a t i v e   m a t e r i a l ,  

e a c h   of  t h e   p a t t e r n s   e f f e c t i n g   e l e c t r i c a l   c o n t a c t   w i t h  



one  of   t h e   c o n t a c t s   (14,   16)  t h r o u g h   i t s   a c c e s s   m e a n s ,  

and  a  s e c o n d   l a y e r   (60,   80)  of  t h e r m a l l y   i n s u l a t i v e  

m a t e r i a l   a r o u n d   t h e   c o m p o n e n t ,   t h e   s e c o n d   l a y e r   (60 ,   8 0 )  

l e a v i n g   t h e   p a t t e r n s   (54 ,   56,  72,   74)  of   e l e c t r i c a l l y  

c o n d u c t i v e   m a t e r i a l   a t   l e a s t   p a r t i a l l y   u n m a s k e d   to   e n a b l e  

e l e c t r i c a l   c o n n e c t i o n   of  t h e   c o m p o n e n t   to   be  made  in   a n  

e l e c t r i c a l   c i r c u i t   by  t h e   p l u r a l i t y   of  p a t t e r n s .  

7.  A  d e v i c e   a c c o r d i n g   to   c l a i m   6,  in   w h i c h   t h e  

c o m p o n e n t   has   an  u p p e r   f a c e   and  a  l o w e r   f a c e ,   a  f i r s t   e n d  

and  a  s e c o n d   e n d ,   and  a  f i r s t   e d g e   and  a  s e c o n d   e d g e ,   t h e  

c o n t a c t s   b e i n g   on  t h e   e d g e s ,   t h e   f i r s t   l a y e r   (18,   18a)  o f  

i n s u l a t i v e   m a t e r i a l   c o v e r i n g   a t   l e a s t   t h e   u p p e r   f a c e ,   t h e  

l o w e r   f a c e ,   and  t h e   e d g e s ,   t h e   a c c e s s   m e a n s   b e i n g  

c o n f i g u r e d   to   r e s t r i c t   t h e r m a l   c o m m u n i c a t i o n   t o   t h e  

c o n t a c t s   t h r o u g h   t h e   f i r s t   l a y e r   of  i n s u l a t i v e   m a t e r i a l  

and  t h e   s e c o n d   l a y e r   of  i n s u l a t i v e   m a t e r i a l   (60 ,   8 0 )  

c o v e r i n g   a t   l e a s t   t h e   f i r s t   end  and  t h e   s e c o n d   e n d ,   a n d  

l e a v i n g   a t   l e a s t   a  p o r t i o n   of   t h e   a c c e s s   m e a n s   e x p o s e d .  

8.  A  d e v i c e   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e   a c c e s s  

means   c o m p r i s e s   a  n o t c h   (32)  in   t h e   f i r s t   l a y e r   (18)  a t  

t h e   f i r s t   e d g e   and  t h e   s e c o n d   e d g e ,   t h e   n o t c h e s   ( 3 2 )  

t r a v e r s i n g   t h e   f i r s t   l a y e r   and  e x p o s i n g   t h e   c o n t a c t s ,   t h e  

c o n d u c t i v e   m e a n s   (54)  c o m p r i s i n g   e l e c t r i c a l l y   c o n d u c t i v e  

m a t e r i a l   a p p l i e d   to   t h e   f i r s t   l a y e r   a t   t h e   f i r s t   e d g e   a n d  

a t   t h e   s e c o n d   e d g e ,   t h e   e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l  

b e i n g   e l e c t r i c a l l y   c o n n e c t e d   w i t h   t h e   c o n t a c t s   t h r o u g h  

t h e   n o t c h e s   ( 3 2 ) ,   and  t h e   n o t c h e s   (32)  b e i n g   p r o p o r t i o n e d  

to   e n a b l e   s u b s t a n t i a l l y   u n r e s t r i c t e d   e l e c t r i c a l  

c o m m u n i c a t i o n   to   be  made  t h e r e t h r o u g h   w h i l e   s u b s t a n t i a l l y  

l i m i t i n g   t h e r m a l   c o m m u n i c a t i o n   t h e r e t h r o u g h .  

9.  A  d e v i c e   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   3  t o   5,  i n  

w h i c h   t h e   f i r s t   l a y e r   (18)  i s   of   t h e r m a l l y   i n s u l a t i v e  

t a p e .  

10.  A  d e v i c e   a c c o r d i n g   to  a n y  o n e   of   c l a i m s   3  to   5,  i n  

w h i c h   t h e   f i r s t   l a y e r   i s   a  t h e r m a l l y   r e s i s t i v e   c o n f o r m a l  

c o a t i n g .  



11.  A  d e v i c e   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   3  to   5,  i n  

w h i c h   e a c h   o f   t h e   d i s c r e t e   e l e c t r i c a l l y   c o n d u c t i v e   m e a n s  

c o m p r i s e s   a  f i r s t   s t r a t u m   (72)  of   h i g h l y   e l e c t r i c a l l y  

c o n d u c t i v e   and  h i g h l y   t h e r m a l l y   c o n d u c t i v e   m a t e r i a l  

a d j a c e n t   t h e   f i r s t   l a y e r   ( 1 6 ) ,   and  a  s e c o n d   s t r a t u m   ( 7 4 )  

a d j a c e n t   t h e   f i r s t   s t r a t u m   of   m o d e r a t e l y   e l e c t r i c a l l y  

c o n d u c t i v e   and  m o d e r a t e l y   t h e r m a l l y   i n s u l a t i v e   m a t e r i a l .  

12.  A  d e v i c e   a c c o r d i n g   to  c l a i m   11,  in  w h i c h   t h e   l a y e r s  

of   i n s u l a t i v e   m a t e r i a l   i n c l u d e s   at   l e a s t   one   b a r r i e r  

l a y e r   of   a  m a t e r i a l   h a v i n g   a  h i g h   h e a t   of   f u s i o n .  

13.  A  d e v i c e   a c c o r d i n g   to  c l a i m   12,  in  w h i c h   t h e   a t  

l e a s t   one  b a r r i e r   l a y e r   i s   of  p o r o u s   p a p e r   i m p r e g n a t e d  

w i t h   a  m i c r o c r y s t a l l i n e   wax  m a t e r i a l .  

14.  A  m e t h o d   of  p r o c e s s i n g   a  l e n g t h   of   c a p a c i t i v e  

s t r u c t u r e   to   make  a  p l u r a l i t y   of   s u r f a c e   m o u n t a b l e  

e l e c t r i c a l   d e v i c e s   in  t h e   form  of  c a p a c i t o r s   i n  

a c c o r d a n c e   w i t h   c l a i m   1,  t h e   l e n g t h   of   c a p a c i t i v e  

s t r u c t u r e   h a v i n g   f i r s t   and  s e c o n d   e l e c t r i c a l   c o n t a c t  

a r e a s   e x t e n d i n g   a l o n g   i t ,   t h e   m e t h o d   c o m p r i s i n g   t h e   s t e p s  

o f :  

d e l i n e a t i n g   a  p l u r a l i t y   of  b o u n d a r i e s   a c r o s s   s a i d  

l e n g t h   of  c a p a c i t i v e   s t r u c t u r e   to   d e f i n e   d i m e n s i o n a l  

l i m i t s   f o r   e a c h   of  s a i d   p l u r a l i t y   of  c a p a c i t o r s ;  

a p p l y i n g   a t   l e a s t   one  l a y e r   of   t h e r m a l l y   a n d  

e l e c t r i c a l l y   i n s u l a t i v e   m a t e r i a l   to   s a i d   l e n g t h   o f  

c a p a c i t i v e   s t r u c t u r e ,   s a i d   a t   l e a s t   one  l a y e r   c o v e r i n g   a t  

l e a s t   a  s u b s t a n t i a l   p o r t i o n   of  t h e   l e n g t h   of   t h e  

c a p a c i t i v e   s t r u c t u r e ;  

f o r m i n g   a  p l u r a l i t y   of  e l e c t r i c a l   a c c e s s   m e a n s  

a l t e r n a t e l y   a r r a n g e d   w i t h   s a i d   p l u r a l i t y   of   b o u n d a r i e s  

f o r   a c c o m m o d a t i n g   e l e c t r i c a l   a c c e s s   w h i l e   r e s t r i c t i n g  

t h e r m a l   a c c e s s   to   s a i d   f i r s t   and  s e c o n d   e l e c t r i c a l  

c o n t a c t   a r e a s   t h r o u g h   s a i d   a t   l e a s t   one  l a y e r ;  

e s t a b l i s h i n g   a  p l u r a l i t y   of  e l e c t r i c a l   c o n t a c t   m e a n s  

to  s a i d   l e n g t h   of   c a p a c i t i v e   s t r u c t u r e   f o r   p r o v i d i n g   a n  



e x p a n d e d   a r e a   o f   e l e c t r i c a l   c o n t a c t   w i t h   s a i d   f i r s t   a n d  

s e c o n d   e l e c t r i c a l   c o n t a c t   a r e a s   t h r o u g h   s a i d   p l u r a l i t y   o f  

a c c e s s   m e a n s ;  

s e v e r i n g   s a i d   l e n g t h   of   c a p a c i t i v e   s t r u c t u r e   a t   e a c h  

of   s a i d   p l u r a l i t y   of   b o u n d a r i e s   to   form  s a i d   p l u r a l i t y   o f  

c a p a c i t o r s ;   a n d  

a p p l y i n g   a t   l e a s t   one  a d d i t i o n a l   l a y e r   of   t h e r m a l l y  

and  e l e c t r i c a l l y   i n s u l a t i v e   m a t e r i a l   to   e a c h   of   s a i d  

p l u r a l i t y   of  c a p a c i t o r s ,   s a i d   a t   l e a s t   one   a d d i t i o n a l  

l a y e r   c o v e r i n g   a t   l e a s t   a l l   p o r t i o n s   of   e a c h   o f   s a i d  

p l u r a l i t y   of  c a p a c i t o r s   no t   p r e v i o u s l y   c o v e r e d   a n d  

l e a v i n g   at  l e a s t   a  p o r t i o n   of  e a c h   of  s a i d   p l u r a l i t y   o f  

e l e c t r i c a l   c o n t a c t   m e a n s   e x p o s e d .  

15.  A  m e t h o d   a c c o r d i n g   to   c l a i m   14,  w h e r e i n   s a i d   a t  

l e a s t   one  l a y e r   c o m p r i s e s   a t   l e a s t   one  l a y e r   o f   t a p e .  

16.  A  m e t h o d   a c c o r d i n g   to   c l a i m   14,  w h e r e i n   s a i d   a t  

l e a s t   one  l a y e r   c o m p r i s e s   a t   l e a s t   one  l a y e r   of   t h e r m a l l y  

i n s u l a t i v e   c o n f o r m a l   c o a t i n g   m a t e r i a l .  

17.  A  me thod   a c c o r d i n g   to  a n y  o n e   of   c l a i m s   14  to   1 6 ,  

w h e r e i n   each   of   s a i d   p l u r a l i t y   of   a c c e s s   m e a n s  c o m p r i s e s  

a t   l e a s t   one  n a r r o w   p a s s a g e   t h r o u g h   s a i d   a t   l e a s t   o n e  

l a y e r   to  s a i d   f i r s t   and   s e c o n d   e l e c t r i c a l   c o n t a c t   a r e a s .  

18.  A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   14  to   1 7 ,  

w h e r e i n   each   of   s a i d   p l u r a l i t y   of   e l e c t r i c a l   c o n t a c t  

m e a n s   c o m p r i s e s   a  f i r s t   s t r a t u m   of  h i g h l y   e l e c t r i c a l l y  

c o n d u c t i v e   and  h i g h l y   t h e r m a l l y   c o n d u c t i v e   m a t e r i a l  

a d j a c e n t   s a i d   a t   l e a s t   one  l a y e r ,   and  a  s e c o n d   s t r a t u m  

a d j a c e n t   s a i d   f i r s t   s t r a t u m   of   m o d e r a t e l y   e l e c t r i c a l l y  

c o n d u c t i v e   and  m o d e r a t e l y   t h e r m a l l y   i n s u l a t i v e   m a t e r i a l .  

19.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   14  to   1 8 ,  

w h e r e i n   s a i d   a t   l e a s t   one  l a y e r   f u r t h e r   c o m p r i s e s   a t  

l e a s t   one  b a r r i e r   l a y e r   c o m p r i s i n g   a  m a t e r i a l   h a v i n g   a  

h i g h   h e a t   of  f u s i o n .  

20.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   14  to   1 9 ,  

w h e r e i n   s a i d   a t   l e a s t   one  b a r r i e r   l a y e r   i s   c o m p r i s e d   o f  



p o r o u s   p a p e r   i m p r e g n a t e d   w i t h   a  m i c r o c r y s t a l l i n e   wax  

m a t e r i a l .  

21.  An  e l e c t r i c a l   d e v i c e   c o n f i g u r e d   f o r   s u r f a c e   m o u n t i n g  

to  a  p r i n t e d   c i r c u i t   b o a r d   c o m p r i s i n g   a  m e t a l l i z e d   f i l m  

c a p a c i t o r   h a v i n g   an  u p p e r   f a c e   and  a  l o w e r   f a c e ,   a  f i r s t  

end  and  a  s e c o n d   e n d ,   and  a  f i r s t   edge   and  a  s e c o n d   e d g e ,  

s a i d   c a p a c i t o r   h a v i n g   e l e c t r i c a l   c o n n e c t i o n   means   on  s a i d  

f i r s t   edge  and  s a i d   s e c o n d   e d g e ;   a  f i r s t   wrap   o f  

t h e r m a l l y   and  e l e c t r i c a l l y   i n s u l a t i v e   m a t e r i a l ,   s a i d   f i r s t  

w r a p   c o v e r i n g   a t   l e a s t   s a i d   u p p e r   f a c e ,   s a i d   l o w e r   f a c e ,  

s a i d   f i r s t   edge  and  s a i d   s e c o n d   e d g e ;   a c c e s s   means   f o r  

a c c o m m o d a t i n g   d i s c r e t e   e l e c t r i c a l   c o n n e c t i o n   to  s a i d  

e l e c t r i c a l   c o n n e c t i o n   means   t h r o u g h   s a i d   f i r s t   w r a p ,   s a i d  

a c c e s s   means  b e i n g   c o n f i g u r e d   to   r e s t r i c t   t h e r m a l  

c o m m u n i c a t i o n   to  s a i d   e l e c t r i c a l   c o n n e c t i o n   means   t h r o u g h  

s a i d   f i r s t   w r a p ;   and  a  s e c o n d   wrap   of   t h e r m a l l y   a n d  

e l e c t r i c a l l y   i n s u l a t i v e   m a t e r i a l   c o v e r i n g   a t   l e a s t   s a i d  

f i r s t   end  and  s a i d   s e c o n d   end ,   s a i d   s e c o n d   wrap   l e a v i n g  

a t   l e a s t   a  p o r t i o n   of   s a i d   a c c e s s   means   s u f f i c i e n t l y  

e x p o s e d   to  e n a b l e   e l e c t r i c a l   c o n n e c t i o n   of  s a i d   a c c e s s  

means   to  s a i d   p r i n t e d   c i r c u i t   b o a r d .  

22.  A  t h e r m a l l y   p r o t e c t e d   e l e c t r i c a l ' d e v i c e   c o m p r i s i n g  

an  e l e c t r i c a l   c o m p o n e n t   h a v i n g   a  p l u r a l i t y   of  d i s c r e t e  

e l e c t r i c a l   c o n t a c t s ,   a  f i r s t   l a y e r   of  t h e r m a l l y  

i n s u l a t i v e   m a t e r i a l   s u b s t a n t i a l l y   c o n f o r m i n g   to   t h e  

e l e c t r i c a l   c o m p o n e n t   and  c o v e r i n g   a t   l e a s t   a  s u b s t a n t i a l  

a m o u n t   of  t h e   e l e c t r i c a l   c o m p o n e n t ,   t h e   f i r s t   l a y e r  

h a v i n g   a  p l u r a l i t y   of   e l e c t r i c a l   a c c e s s   means   f o r  

p r o v i d i n g   e l e c t r i c a l   a c c e s s   to   s a i d   p l u r a l i t y   of  d i s c r e t e  

e l e c t r i c a l   c o n t a c t s   f rom  o u t s i d e   t h e   f i r s t   l a y e r ,   and  a  

s e c o n d   l a y e r   o f   t h e r m a l l y   i n s u l a t i v e   m a t e r i a l ,  

s u b s t a n t i a l l y   c o n f o r m i n g   to  t he   f i r s t   l a y e r   a n d  

s u b s t a n t i a l l y   e n c l o s i n g   s a i d   f i r s t   l a y e r   w h i l e   l e a v i n g   a t  

l e a s t   a  p o r t i o n   of   e a c h   of  s a i d   p l u r a l i t y   of  e l e c t r i c a l  

a c c e s s   means   e x p o s e d .  
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